ABSTRACT. Distribution of apoptotic cells and expression of the apoptosis-related factors p53, bcl-2 and bad during morphogenesis of the murine palatine rugae (PR) were examined histochemically using the terminal deoxynucleotidyl transferase-mediated UTP nick endlabeling (TUNEL) technique and specific antibodies against apoptosis and cell cycle-related molecules. Formation of the PR rudiment was controlled by cell proliferation and apoptosis in the palatal epithelium. TUNEL-positive cells were detected only at the epithelial placode area at 12.5-13.5 days post coitus (dpc), but only a few cells were positive at the protruding PR area at 14.5-16.5 dpc. Bcl-2 protein was expressed mainly in the areas outside of those containing TUNEL-positive cells at 15.5 -6.5 dpc. P53 protein was not detected throughout gestation. Bad was detected in the epithelial layer at 13.5 and 15.5 dpc and overlapping the apoptotic area at 13.5-15.5 dpc. Apoptosis of palatal epithelial cells might therefore involve spatiotemporally regulated expression of bad during murine PR development. KEY WORDS: apoptosis, bad, bcl2, morphogenesis, palatal ridge.
Palatine rugae (PR) are formed as a corrugated pattern on the hard plate of the murine oral roof [1, 2, 4, 20, 21] . PR patterns form quite regular structures. We have studied PR pattern formation mechanisms [1, 2, 20, 21] . PR develop similarly to other organs in the epithelium, eg., hair follicles [7, 8] , and feather buds [7, 9] . Epithelium and subepithelial mesenchyme of the epithelial organs develop under the reciprocal controls of each different tissue. Pattern formation of PR could also involve spatiotemporally regulated epithelial cell proliferation and apoptotic death, as occurs with chick feather [9] and scale [22, 23] development. Our previous study indicated that differential cell apoptosis during placode formation might maintain the epithelial population in the PR rudiment [20] . Apoptosis may regulate cell population and play a role in organogenesis [5, 14, 18] . Apoptosis can be induced by growth factor withdrawal, glucocorticoids [13, 26] , fas ligand/fas interaction [12, 19] , killer T cells [17] , ionising radiation, drugs, oxygen radicals [3] , tumour necrosis factor α (TNFα) TNF-receptor 1 interaction [15] etc. However, the signals inducing epithelial cell apoptosis at the PR epithelial placode are not known.
In the present study, we examined the spatiotemporal distribution of apoptotic cells by using the terminal deoxynucleotidyl transferase-mediated UTP nick end-labeling (TUNEL) technique and assessing the presence of p53 (antitumor apoptosis enhancement factor) [10] , bcl-2 (B cell lymphoma/leukaemia-2) [24] , bad (apoptosis enhancement factor) [25] molecules by immunochemistry during PR formation in the mouse.
MATERIALS AND METHODS

Animals:
All animals were kept in an air-conditioned room, and fed standard laboratory food pellets and water ad libitum. Pro-estrous female mice were mated with male mice overnight. Gestation was confirmed by the presence of a vaginal plug next morning, and this time point was designated as 0.5 days post coitus (dpc). Each animal was sacrificed by cervical dislocation, and fetuses were removed from the uterus on the selected dpc. Dissected fetal heads were fixed in Bouin's solution for microscopic observation. The experimental procedure and care of animals were in accordance with the guideline of the Animal Care and Use Committee of Nippon Veterinary Animal Science University.
Detection of apoptotic cells: Deparaffinized sections were digested with proteinase K (Sigma-Aldrich Co., St. Louis, Missouri, U.S.A.; 20 µg/ml) for 5 min at room temperature. After inactivation of endogenous peroxidase activity with 2% H 2 O 2 , apoptotic cells were identified by in situ apoptosis detection kit (Takara Bio Inc., Outsu, Shiga., Japan) based on the TUNEL technique. All procedures were performed according to the manufacturer's instructions. Negative control staining check was carried out as normal procedure of TUNEL method only except for nonterminal deoxynucleotidyl transferase reaction. Positive control sample was used mouse thymuses at 6 months old. Section was assessed by light microscopy and photographed.
Detection of the cell cycle and apoptosis-related factors p53, bcl-2 and bad: Endogenous peroxidase was inactivated in deparaffinized sections with 2% H 2 O 2 . Prior to first antibody incubation, each section was treated with the microwave method for the anti-masking signals [6] . The section was then incubated with a 1st antibody specific for p53, bcl-2 or bad (Transduction Labs. Inc., Lexington, KY, U.S.A.; working dilution of all antibodies was used 25 µg/ml). Detection of the first antibody was carried out using the avidin-biotin complex (ABC kit; Nichirei Bio. Sci. Co., Tsukiji, Tokyo, Japan) method and 3, 3'diaminobenzydine (DAB) coloration, and sections were examined and photographed using an optical microscope after application of the nuclear contrast stain, methyl green.
RESULTS
Distribution of TUNEL-positive cells:
TUNEL-positive cells were detected during the period 12.5-16.5 dpc. They were identified in the palatal epithelial layer mainly at the placode area from 12.5-13.5 dpc and the protruding ridge area from 14.5-16.5 dpc (Figs. 1a and 1b; arrows) .
Expression of p53, bcl-2 and bad: P53 was not detected anywhere in the epithelial layer during the gestation period examined (Figs. 1c and 1d) .
Bcl-2 was not detected before 14.5 dpc (Fig. 1e) , and was expressed mainly at the upper layer of the epithelium of the interprotruding PR areas from 15.5-16.5 dpc ( Fig. 1f; arrows; Table 1 ).
Bad was expressed at the periderm area and also at the epithelial cells at the central area of EP and PR at 13.5-15.5 dpc (Figs. 1g and 1h; arrows; Table 1 ).
Distribution patterns of TUNEL-positive cells and expression of p53, bcl-2 and bad molecules were indicated in Table 1 . The pattern of TUNEL positivity nearly corresponded to the expression of bad at the central area of PR epithelium, but expression of bcl-2 showed a pattern inverse to that of TUNEL staining.
DISCUSSION
Murine palatal rugae (PR) are formed as 9 corrugated patterns on the oral roof. Each edge of PR is orientated aborally, according to our previous scanning electron microscopical and gross anatomical examinations [20] . Murine PR develop through two steps; the first step being the formation of the epithelial placode (EP), and the second protrusion and growth in the aboral direction. The formation of the EP is an important stage influencing the point of formation the PR and other organs in the epithelium. The development and growth of PR are controlled reciprocally by epithelium-mesenchymal interactions. It is known that the expression of certain extracellular matrix (ECM) molecules is spatiotemporally regulated during PR development [1, 2] . Spatial and temporal changes of cell proliferation, especially between the placode and interplacode areas, are closely related to the development of the chick scale [22, 23] . In our previous study based on the distribution of cells incorporating BrdU and on TUNEL analysis, it was suggested that spatial and temporal variations in cell proliferation and/or apoptosis of the epithelium were intimately involved with murine PR formation [20] . Apoptosis plays an important role in controlling cell populations during human embryogenesis [16] . However, the inducing signals for apoptosis in the placode area and the PR protruding area had thus far not been elucidated. The present examination revealed that bcl-2 was expressed mainly at the interprotruding PR areas at 15.5-16.5 dpc. The balance between levels of bcl-2 versus bad influenced apoptosis, with bcl-2 acting as an anti-apoptotic factor. After completion of the construction of the PR protruding structure, epithelial cell apoptosis therein coincided with the expressions of bcl-2. P53 expression was not detected in developing PR in the present study. It is therefore concluded that normal PR organogenesis did not require p53 expression. Bad expression was detected in the epithelial layers at 13.5-15.5 dpc, and it was expressed at the central area of epithelial placode and protruding areas at this time. Expression of strong bad signals coincided with the distribution of apoptotic epithelial cells within the placode area of the PR rudiment. High levels of bad expression relative to bcl-2 levels induced apoptosis. The present results therefore supported the notion that strong bad expression induced apoptosis of PR epithelial cells at the placode area and might control cell populations generating the placode area. Bad is a member of the bcl-2 family, which includes bak (bcl-2 homologous antagonist / killer) [11] . In contrast to bcl-2, these bcl-2 members induced apoptosis. Bad overexpression relative to bcl-2 enhanced apoptosis. The apoptosis of PR epithelial cells observed in the present study might be switched on by spatiotemporally -regulated overexpression of bad. High levels of bad might in turn be induced by decreased availability of some growth factor. Therefore, the apoptosis previously observed at the PR placode during formation of epithelial placode may have been due to growth factor withdrawal.
In conclusion, this study indicated that epithelial cell apoptosis-related molecules may be involved temporally and spatially in regulating the developing PR in mice. The control of cell apoptosis during placode formation may be closely related to the maintenance of the epithelial population in the PR placode and rudiment. Apoptosis present at the placode area might be induced by the lack of some growth factors. 
